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Abstract Cadmium sulfide (CdS)–manganese oxide
(MO) nanocomposite was synthesized by the ion exchange
and ultrasonic irradiation methods. The synthesized nano-
composite was characterized by FTIR, powder X-ray dif-
fractrogram (XRD), UV–Vis diffused reflectance spectra
(UVDRS), photoluminescence (PL), transmission electron
microscope (TEM) and energy dispersive X-ray analysis
(EDX). The experimental results confirm the formation of
CdS–MO nanocomposite. The luminescence of the nano-
composite exhibits a notable blue shift. The TEM results
disclosed the size of the nanocomposite to be within
10–20 nm. The catalytic activity of the nanocomposite was
evaluated by the degradation of methylene blue (MB)
under visible light.
Keywords Cadmium sulfide  Manganese oxide 
Ion exchange  Ultrasonication  Nanocomposite
Introduction
Cadmium sulfide (CdS) semiconductor nanoparticles have
attracted intense interest due to their unique photochemical
and photophysical properties. They find immense applica-
tions in solar cell, hydrogen production, water splitting, etc.
(Dameron et al. 1989; Pal et al. 1997; Dekany et al. 1999;
Ramasubbu et al. 2000; Han et al. 2005). CdS is a
semiconductor with a narrow band gap of 2.4 eV, and its
valence electron can be easily excited to the conduction
band under visible light irradiation. However, in aqueous
solution, it is prone to aggregate into big metallic clusters,
thereby losing its catalytic activity (Dameron et al. 1989;
Pal et al. 1997). This can be overcome by stabilizing the
nanoparticles using a surfactant (Dekany et al. 1999;
Ramasubbu et al. 2000) which may not be suitable for
direct applications. Thus, a solid matrix would be the better
host to stabilize these nanoparticles. It is well documented
that supported CdS has a performance superior to that of
unsupported CdS (Ramasubbu et al. 2000; Han et al. 2005),
because of the active ingredient (CdS) that is dispersed on
the support. The supports provide heterojunctions for
electrons and holes that restrict the charge recombination
(Shangguan and Yoshida 2001). On the other hand, the
recovery and recyclability of the catalyst is easy. The
selection of the matrix for composite materials containing
CdS depends on the material’s application.
Manganese oxides (MO) are one of the largest families
of porous materials with various structures as manganese
oxide minerals are found all over the world. Two major
structures are important, (1) octahedral layer constructed
by edge sharing MnO6 to form sheets with cations (Na
?,
K?) and in which water is present in between any two
adjacent sheets, and (2) octahedral molecular sieve (OMS)
materials constructed by the edge and corner shared octa-
hedral MnO6 (Ma et al. 2006; Suib 2008) that find potential
applications in the field of cation-exchange, ion and mol-
ecule separation, adsorbents, sensor, battery, catalysis (Ma
et al. 2006; Suib 2008; Feng et al. 1999; Feng 2010), etc.,
Manganese oxide materials have been used for a wide
range of catalytic applications in both synthetic chemistry
and environmental problems, such as degradation of dyes,
organic pollutants, waste water treatment, nitric oxide
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reduction, ozone decomposition and selective oxidation of
CO (Shen et al. 1993; Segal et al. 1997; Zhang et al. 2006;
Chen et al. 1997, 2001; Kannan et al. 2011; Xia et al.
1999).
There is considerable interest in preparing nanoparticles
stabilized solid host, which consists of a highly dispersed
metal phase on a high surface area of a solid support. Very
few research groups have studied and explained the effect
of CdS nanoparticles incorporated solid hosts, such as
metal oxides, natural clays, synthetic clays, zeolite and
MCM-41 (Han et al. 2005; Ma et al. 2006; Khaorapaponga
et al. 2008). Recently, our research group has explained the
photochemical degradation of organic dye using polyoxo-
metalates–MnO2 nanocomposite (Kannan et al. 2011). In
the same fashion an attempt was made to synthesis CdS
impregnated manganese oxide by ion exchange and ultra-
sonication methods.
The manganese oxide has a featureless absorption over
an entire wavelength range of 200–800 nm, whereas the
nano manganese oxide have an absorption peak centered
around 380 nm (Sakai et al. 2005), which gets into the
visible region by the incorporation of a photochemically
active compound. Thus, a photogenerated electron in guest
(CdS nano-pillars) quickly transfers through the interlayers
into the surfaces of manganese oxide matrix makes the
material more active and highly stable. In the present
investigation, we present a simple method for the synthesis
of CdS into the manganese oxide layer. The photocatalytic
activity was disclosed during the degradation of organic
(Methylene blue) dye.
Experimental
Synthesis of CdS–MO nanocomposite
The synthesis of CdS–MO was carried out in a two stage
process. The MO xerogel was prepared according to the
reported method (Xia et al. 1999). An aqueous solution of
1.4 mol (in 20 ml) of sucrose was quickly added to
0.38 mol (50 ml in Double Distilled Water—DDW) of
KMnO4 resulting in a rapid exothermic reaction leading to
a brown colored gel formation. The gel was washed with
DDW, and dried at 400C. The resultant blackish brown
MO powder was dispersed in DDW and to this solution, an
aqueous solution of cadmium nitrate (0.25 mm) was added
with constant stirring. After 12 h, the composite was
formed and it was washed several times with water, filtered
and dried at 80C. This dried sample was resuspended in
50 ml water and hydrogen sulfide gas was purged into it,
and the whole reaction was carried out in an ultrasonic
bath. After 30 min, the composite was washed and dried in
an oven at 100C for 12 h.
The prepared nanocomposite was characterized by
powder X-ray diffraction (XRD, Cu Kalpha 1.54178 A˚,
and Shimadzu XRD X-600). The UV–Vis DRS spectrum
of the composite was recorded on a Shimadzu 2550 and the
PL spectra were obtained using a Flurolog 3 luminescence
spectrometer. The transmission electron microscopy ima-
ges were taken using a Philips 200 instrument, and the
energy dispersive X-ray analysis using INSTA, Oxford
instruments for elemental analysis.
Photocatalytic studies
The catalytic capacity of the composite was tested for the
decolorization of methylene blue (CI no 52015) dye. The
catalytic studies were carried out in a closed chamber
consisting of a jacketed quarts tube of 3 cm inner dia, 4 cm
outer dia, and length of 15 cm and an outer Pyrex glass
reactor of 6.5 cm inner dia. The visible light was provided
by a mercury vapor lamp. The entire chamber was cooled
with continuous water circulation.
About 100 ml of the dye solution (MB 32 mg/L), and
100 mg/L of catalysts were added and the mixture was
allowed to react at room temperature with continuous
stirring. At regular time intervals, 1 ml of the mixture
solution was pipetted out into a volumetric flask and
diluted with distilled water to 20 ml prior to the analysis.
For optical absorption measurements, the diluted solution
was immediately centrifuged in order to remove the cata-
lyst particles. The centrifuged dye solution was then put
into a quartz cell (path length 1.0 cm) and the absorption
spectrum was measured with a Shimadzu UV-1800 ultra-
violet–visible (UV–Vis) spectrophotometer at (kmax =
664 nm). The degradation products of the MB dye were
analyzed using a (TOC-V CPH/CPN, Shimadzu, Japan)
equipment.
Results and discussion
Powder XRD Studies of CdS–MO
Figure 1 shows the XRD pattern of the prepared MO, Cd2?
and CdS impregnated MO nanocomposite. Pure MO
exhibiting a strong peak at (2h=) 11.1 with the inter layer
spacing of 7 A˚ confirms the formation of layered manga-
nese oxide. The Cd2? ion exchange MO shows similar
XRD pattern with the increased inter lamellar space of
7.9 A˚. This is higher than the pure MO. The CdS–MO
nanocomposite exhibits a peak at (2h=) 11.9 [7.2 A˚], which
indicates that a stable composite was formed and the slight
shift of peak position is due to the transformation of a
layered structure into the closed structure of the manganese
oxide. The final reduction of the lamellar size from 7.9 to
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7.2 A˚ was due to the loosely bounded hydrated molecules
expelled from the layer (Scheme 1). The interplanner distance
of the pure MO and CdS–MO nanocomposite is almost the
same, indicating that the dimension of the CdS particles is
restricted by the MO sheets to 7–7.2 A˚. The presence of CdS
was confirmed by EDX spectra (Scheme 1).
The FTIR spectra recorded for the MO, CdS–MO
samples showed significant IR signals at different fre-
quency range. The broad and strong peak at 3,442 cm-1
and the one at 1,640 cm-1 correspond to the O–Hstr, and
O–Hbending frequencies respectively for the adsorbed water
present in the sample (Fig 2a, b). The MO, CdS–MO
material showed similar adsorbtion bands at 408, 515
and 710 cm-1, which was in good agreement with the
MO material of layered with tunnel structures (Kang
et al. 2007). After the degradation of the organic dye, the
degradation products were absorbed on the catalyst
(Fig. 2c). The characteristic peak at 515 cm-1 confirmed
the retaining of the layered structure of MO after the
photocatalytic studies.
UV DRS and PL Studies of CdS–MO
The diffused reflectance spectra of the CdS–MO nano-
composite are shown in Fig. 3a. The absorption spectral
peak is observed at 390 nm. Compared to the pure CdS
(*470), the nanocomposite exhibits a distinct blue shift.
The PL spectra of the CdS–MO nanocomposite (excited at
390 nm) are shown in Fig. 3b. The results of the spectral
photoluminescence measurements confirm the existence of
CdS nanoparticles in the MO. The PL spectra shows two
different peaks at 417 and 437 nm and the characteristic
two-band structure of the emission spectra has also been
observed by other researchers (Ma et al. 2006), who have
explained the former observation as evolving out of the
direct recombination of the exciton pairs. The later obser-
vation is ascribed to a recombination of the exciton pairs
via trap surface states. This exhibits a blue shift of about
33 nm when compared with the emission spectra of CdS.
This is due to the quantum confinement of CdS nanopar-
ticles (Shangguan and Yoshida 2001; Ma et al. 2006), and
also due to the emission that occurs from the nanoparticles
carrying several photons of e-–h? pair at the same time.
Hence, the prepared nanocomposite material would be a
suitable candidate for photochemical application.
TEM and EDX analysis of CdS–MO nanocomposite
Figure 4 shows the TEM images of synthesized CdS–MO
nanocomposite with hierarchic structure. It clearly showed
that the particles were in the nanodimension with particle
size of\20 nm and at a lower magnification images clearly
shows a sandwich like structure. The intercalated CdS
(*10 nm) nanoparticles were clearly shown as the dark
phase of the composite. The presence of cadmium and
sulfide in the nanocomposite was tested by energy disper-
sive X-ray analysis. Figure 4b provides an overview of the
sample. The quantitative analysis of the composite dis-
closes that the content of S in the general area was always
greater than Cd2? (Cd is 8.7 atomic % and S is 9.1 atomic
%), which is in good agreement with the literature report
(Han et al. 2005).
Fig. 1 Powder X- ray diffraction patterns of the a manganese
oxide, b Cd2?–manganese oxide and c CdS–manganese oxide
nanocomposite
Scheme 1 Formation CdS–MO nanocomposite
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Photocatalytic studies on the decolorization of MB dye
The catalytic performance of the CdS–MO nanocomposite
on the decolorization of the MB dye was studied. The
absorbance of the MB with the initial concentration of
32 mg/L was recorded (t = 0). Two characteristic peaks of
MB at 664 and 640 nm were observed using a specific
amount of catalyst (about 400 mg/L). The catalytic effect
was studied by three different experiments, which were
carried out as follows.
Initially the dye was subjected to photo irradiation i.e.,
white light, without catalyst, pure MO and CdS–MO. The
color of the MB dye disappeared in all three experiments,
whereas in the first study the color of the dye reappeared
due to the redox effect of the dye molecule. In the second
and third experiments, i.e., in the presence of the catalyst
the decolorizations remain the same. The first experiment
was carried out in order to check the effectiveness of white
light radiation on the decolorization of the dye. The second
and third experiments were performed in order to check the
adsorption nature of the catalyst. Because the adsorption is
an important phenomenon in catalytic studies, more
adsorption will lead to better contact with the dye and the
catalyst, and which facilitates the electron transfer from the
catalyst to the dye, whereby the degradation becomes faster
(Ma and Yao 1998). The results show that the adsorption
was about 65% (Fig 5a) and the TOC results confirm that
the decolorization is only due to the adsorption. The deg-
radation profile of the MB dye in the presence of the CdS–
MO catalyst was confirmed by the TOC experiments. The
results showed that about 93% decolorization achieved in
the 20th min and the complete decolorization observed at
the 75th min. Initially the decolorization was rapid due to
the adsorption of dye the molecule on the composite and it
was followed by the degradation of the dye molecule.
The degradation profile for the various MB concentra-
tions and the catalyst are shown in Fig. 5b, showing the
degradation to be higher at low concentrations of the dye,
whereas in high concentration the degradation decreased
due to the formation of the dimer dye molecules and also
the degraded products occupied the active sites of the
composite. The effect of catalyst amount was also tested;
the degradation was higher at the higher amount of cata-
lyst, hence the optimum amount of catalyst 400 mg/L was
used for further studies. The contact time between the
catalyst and the dye is an important parameter to check the
kinetics of degradation (Fig. 5c). The results show that at
low catalyst concentration the degradation profile was low.
Initially, the decolorization was fast at the low concentra-
tion due to the attraction between the dye molecules and
the catalyst. This was reduced later, because the absorption
of degradation products would occupy the active sites.
The degradation profile was monitored by the TOC
experiments. In a typical experiment, even at a lower
concentration (400 mg/L), the compound was completely
degraded. The initial concentration of the MB was taken to
be 140 mg/L and the concentration was reduced to 138 and
29 mg/L respectively at the time of 15 min after irradiation
in visible light with and without catalyst. The irradiation
completely degraded the dye in the 75th min. It showed
effective decomposition of the dye by the catalyst. The
catalyst was recovered and used for further experiments
after the first photocatalytic cycle was completed. The
guest nano CdS could quickly transfer the photogenerated
electrons through the interlayer into the surfaces of MO
matrix. This is beneficial for retarding the recombination of
the photogenerated carriers, and consequently, improving
the photochemical activity. The small size of the CdS
particles is beneficial for the higher photogenerated voltage
generated by the effective electron–hole separation due to
the quantum confinement of the nanoparticles. The pres-
ence of the higher adsorption nature of the MO facilitates
the dye–catalyst interaction, which results in higher degree
of degradation. Initially the dye molecule get adsorbed on
the catalyst; the catalyst when subjected to photo irradia-
tion will readily transfer the electron from the catalyst to
the dye and gets degraded as shown in the reaction
(Scheme 2).
The results show that the catalyst efficiency was
decreased by about 3% for MB in the second cycle and
Fig. 2 FTIR spectrum of a manganese oxide, photocatalyst CdS–MO
nanocomposite, b before and c after photocatalytic sruides
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up to the fifth cycle the catalyst showed only 8%
decrease in its efficiency for MB. The catalytic activity
was further reduced due to occupied byproducts formed
during the degradation of dye molecules. This clearly
proves that the catalyst is very efficient and reusable. It
is also confirmed by the FTIR analysis. The study on the
Fig. 3 a UV–Vis DRS and
b Photoluminescence (ext.
390 nm) spectrum for
CdS–manganese oxide
nanocomposite
Fig. 4 Transmission electron
microscopic images of
a Manganese oxide, b CdS–MO





diagram for the photocatalytic
degradation of dye molecules by
the MO–CdS nanocomposite
Appl Nanosci (2011) 1:197–203 201
123
kinetics and mechanistic details of the decolorization
and degradation are planned to be carried out in the
future.
Conclusion
The manganese oxide was synthesized by the simple sol–
gel method and Cd2? was impregnated by the ion exchange
and ultrasonic methods, results to the CdS–MO nanocom-
posite. The sonication of the Cd2?–MO resulted in smaller
sized nanocomposite and better intercalation of CdS. The
resultant nanocomposite shows excellent photocatalytic
activity towards the decolorization of the MB dye under
visible light. In this nanocomposite MO can act as both
solid hosts to produce the CdS and as an electron transfer
mediator. The present study reveals that the CdS–MO
nanocomposite has great potential for practical photo
decolorization and degradation of dyes of industrial
effluents.
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